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Background: Saury oil contains considerable amounts of n-3 polyunsaturated fatty acids (PUFA) and
monounsaturated fatty acids (MUFA) with long aliphatic tails (>18C atoms). Ingestion of saury oil reduces the risk of
developing metabolic syndrome concomitant with increases in n-3 PUFA and long-chain MUFA in plasma and
organs of mice. We therefore evaluated changes in postprandial plasma fatty acid levels and plasma parameters in
healthy human subjects after ingestion of a single meal of saury.
Findings: Five healthy human adults ingested 150 g of grilled saury. Blood was collected before the meal and
at 2, 6, and 24 hr after the meal, and plasma was prepared. Plasma levels of eicosapentaenoic acid, docosahexaenoic
acid, and long-chain MUFA (C20:1 and C22:1 isomers combined) increased significantly throughout the postprandial
period compared with the pre-meal baseline. Postprandial plasma insulin concentration increased notably, and
plasma levels of glucose and free fatty acids decreased significantly and subsequently returned to the pre-meal levels.
Conclusions: Our study suggests that a single saury meal may alter the postprandial plasma levels of n-3 PUFA and
long-chain MUFA in healthy human subjects.
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Increasing evidence from animal and human experi-
ments has demonstrated that two particular long-chain
n-3 polyunsaturated fatty acids (PUFA), i.e., eicosapenta-
enoic acid (EPA) and docosahexaenoic acid (DHA), have
been associated with multiple positive health effects in-
cluding improvement of obesity and diabetes mellitus
[1], cardiovascular and neurodegenerative diseases [2,3],
asthma [4], and inflammatory diseases [5]. Furthermore,
we previously reported that a fish oil–derived concen-
trate containing long-chain monounsaturated fatty acids
(MUFA), i.e., C20:1 and C22:1 isomers combined, alle-
viated metabolic syndrome partly by regulating genes
involved in lipid metabolism, energy expenditure, and* Correspondence: yangzh@nissui.co.jp
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reproduction in any medium, provided the orinflammation in obese mice [6]. In addition to n-3
PUFA, saury oil and pollock oil contain considerable
amounts of long-chain MUFA [7,8]. Ingestion of saury
oil or pollock oil countered the risk of developing meta-
bolic syndrome and increases the plasma levels of n-3
PUFA and long-chain MUFA as well as the n-3/n-6
PUFA ratio in obese mice, suggesting a correlation be-
tween plasma levels of n-3 PUFA and long-chain MUFA
and metabolic parameters [9,10]. However, limited infor-
mation is available on the effect of saury meal ingestion
on the plasma n-3 PUFA and long-chain MUFA accu-
mulation in normal human subjects.
In this study, we investigated changes in plasma levels
of EPA, DHA, and long-chain MUFA after ingestion of a
single meal of saury. To our knowledge, this is the first
report evaluating the effect of a single ingestion of saury
on postprandial fatty acid composition and in plasma of
healthy human subjects.d. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.

























Total n-3 PUFA 19.85
n-3/n-6 PUFA ratio 9.19
FA: Fatty acids, MUFA: monounsaturated fatty acids, PUFA: polyunsaturated
fatty acids.
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Five healthy Asian adult volunteers (four Japanese and
one Chinese; four males and one female; age range 30–
40 years) in the experiment had normal serological mea-
sures, and they did not take any medications known to
affect carbohydrate or lipoprotein metabolism or insulin
secretion or its activity. All the participants lived in
Japan, and regularly consumed traditional rice-based
diets. Basal data of subjects are shown in Table 1. The
study was approved by the ethics committee of Nippon
Suisan Kaisha (Tokyo, Japan). Commercially prepared
grilled saury (Maruko Foods, Shizuoka, Japan) was used
in the study. After total lipid in the saury (150 g) was
extracted by the Folch method [11], the fatty acid com-
position (Table 2) was determined as the methyl esters
of fatty acids by gas-liquid chromatography. Measure-
ment of the composition of the grilled saury was per-
formed by Japan Food Research Laboratories (Tokyo,
Japan), and the composition is shown in Table 3.
The study was conducted after the subjects adhered to
a 12-hr overnight fast, and fasting blood samples were
collected at approximately 09:00 in the morning. Then,
each subject ingested 150 g of grilled saury along with
one rice ball within 15 min. Lunch was a medium-size
plain noodle eaten between 12:00 and 12:30 at noon.
Supper (medium-size rice or noodles) was ingested be-
fore 21:00 (19:00 ~ 20:00), and the subjects’ diet was
restricted such that foods enriched in n-3 PUFA and/or
MUFA were not consumed. No other meals or snacks
between the three meals were ingested until the end of
the experiment. Blood samples were collected at 2 hr
and 6 hr after ingestion of the saury meal. Then, a final
blood sample was collected at 24 hr after ingestion, and
this was preceded by another 12-hr fast. Plasma was
obtained by centrifuging each blood sample at 3000 rpm
for 10 min at 4°C, and stored at −80°C until analysis. ForTable 1 Basal data of subjects before the experiment
Age (years) 35.1 ± 2.5
Height (cm) 169.2 ± 1.7
Body weight (kg) 60.8 ± 1.1
BMI (kg/m2) 21.2 ± 0.7
Plasma glucose (mg/dL) 96.8 ± 3.8
Plasma insulin (μIU/L) 1.9 ± 0.4
Plasma lipids profile
TC (mg/dL) 191.2 ± 5.8
HDL-C (mg/dL) 67.1 ± 6.8
LDL-C (mg/dL) 99.4 ± 10.2
TG (mg/dL) 99.6 ± 14.3
FFA (mEq/L) 0.30 ± 0.05
BMI: Body mass index, TC: total cholesterol, HDL-C: high-density lipoprotein
cholesterol, LDL-C: low-density lipoprotein cholesterol, TG: triglyceride, FFA:
free fatty acid.each time point of the study, lipids were extracted from
plasma using methanol/hexane, and the fatty acid com-
position was determined as described [9]. Postprandial
plasma total cholesterol, high-density lipoprotein (HDL)-
cholesterol, low-density lipoprotein (LDL)-cholesterol,
triglycerides, free fatty acids, and glucose were deter-
mined enzymatically using commercially available re-
agent kits (Wako Pure Chemical Industries, Ltd., Osaka,
Japan), and plasma insulin concentration was measured
with an enzyme-linked immunosorbent assay kit (Mori-
naga Institute of Biological Science, Inc., Yokohama,
Japan). The data are presented as mean ± SE, and the
data between the fasting (time zero) and postprandial
time points were compared. All statistical tests were per-
formed using the Student's t-test, and statistical signifi-
cance was considered as P < 0.05.
Results and discussion
The level of n-3 PUFA (EPA, DHA, and total n-3 PUFA)
in plasma peaked at 6 hr after saury ingestion and then
gradually declined (Figure 1a). At 24 hr post-ingestion,
plasma EPA rose by 196% (P < 0.001), DHA rose by 25%
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compared with the pre-ingestion values. In contrast,
plasma total n-6 PUFA levels remained essentially un-
changed throughout the postprandial period (Figure 1b).
Thus, the measured increase in n-3 PUFA level coupled
with the lack of change in n-6 PUFA resulted in the not-
able increase (P < 0.05) in n-3/n-6 PUFA ratio from 2 hr
to 24 hr after the saury meal (Figure 1c). Concerning
plasma MUFA levels, long-chain MUFA C20:1 (n-9 and
n-7) and C22:1 (n-11 and n-9) peaked at 2 hr post-A EPA (C20:5 n-3)
0
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Figure 1 Changes in levels of plasma PUFA. Plasma levels (% of
total plasma fatty acids) of EPA, DHA, and total n-3 PUFA (A), total
n-6 PUFA (B), and n-3/n-6 PUFA ratio (C) are shown. The data were
collected before and after the ingestion of a single saury meal.
Values represent the mean ± SE, n = 5. *P< 0.05; **P< 0.01;
***P< 0.001 as compared to pre-ingestion values (time 0).
Total long-chain MUFA 
(C20:1 and C22:1 combined)
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Figure 2 Changes in plasma levels of MUFA with aliphatic tails
>18C atoms. Plasma levels (% of total plasma fatty acids) of C20:1
(n-9 and n-7) (A), C22:1 C20:1 n-9 (B), and total long-chain MUFA
(C20:1 and C22:1 isomers combined) (C) are shown. The data were
collected before and after the ingestion of a single saury meal.
Values represent the mean ± SE, n = 5. *P< 0.05; **P< 0.01;
***P< 0.001 as compared to pre-ingestion values (time 0).
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Figure 3 Changes in plasma levels of MUFA with aliphatic tails
<20C atoms. Plasma levels (% of total plasma fatty acids) of
palmitoleic acid (C16:1 n-7) (A) and oleic acid (C18:1 n-9) (B) are
shown. The data were collected before and after the ingestion of a
single saury meal. Values represent the mean± SE, n = 5. *P< 0.05
as compared to pre-ingestion values (time 0).
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Figure 4 Changes in postprandial plasma parameters related to
lipid metabolism. Individual (left panel) and average (right panel)
levels of plasma TC (A), HDL-C (B), LDL-C (C), TG (D) and FFA (E) are
shown. TC: total cholesterol, HDL-C: high-density lipoprotein
cholesterol, LDL-C: low-density lipoprotein cholesterol, TG:
triglyceride, FFA: free fatty acid. The data were collected before and
after the ingestion of a single saury meal. Values represent the
mean ± SE, n = 5. *P< 0.05; **P< 0.01 as compared to pre-ingestion
values (time 0).
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long-chain MUFA (C20:1 and C22:1 isomers combined)
increased from the fasting level of 0.17 ± 0.02% to
2.38 ± 0.34% at 2 hr after the saury meal and then declined
sharply, although the value was still 1.2-fold higher
(P < 0.05) than the basal value by the end of the study
(Figure 2c). On the other hand, as shown in Figure 3,
plasma levels of the shorter-chain MUFA (aliphatic tails
<20C atoms) palmitoleic acid (C16:1 n-7) and oleic acid
(C18:1 n-9) tended to decline throughout the experiment;
the oleic acid level decreased by 26% (P < 0.05) at 6 hr
after the saury meal. The long-chain MUFA gondoic acid
(C20:1 n-9) and erucic acid (C22:1 n-9) are biosynthe-
sized from oleic acid, and C20:1 n-7 is derived from pal-
mitoleic acid by a series of chain-elongation reactions
towards the carboxyl terminus [12]. Thus, the observed
decrease in postprandial plasma levels of shorter-chainMUFA was possibly related to the elevated levels of cir-
culating long-chain MUFA. Studies on the relationship
between plasma fatty acid composition in Greenland
Eskimos and the composition of Eskimo food have indi-
cated that plasma levels of EPA/DHA as well as long-
chain MUFA were found to reflect dietary intakes of
these fatty acids [13,14]. The saury meal (150 g) used in
the current study contained approximately 6 g of EPA
and DHA combined and 12 g of C20:1 and C22:1 com-
bined, which provided an abundant source of long-chain
n-3 PUFA and long-chain MUFA. Furthermore, Osterud
et al. [15] reported that the consumption of whale oil
rich in n-3 PUFA (EPA and DHA) as well as long-chain
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Figure 5 Changes in postprandial plasma parameters related to
glucose metabolism. Individual (left panel) and average (right
panel) levels of plasma glucose (A), and insulin (B) are shown. The
data were collected before and after the ingestion of a single saury
meal. Values represent the mean ± SE, n = 5. *P< 0.05 as compared
to pre-ingestion values (time 0).
Yang et al. Lipids in Health and Disease 2012, 11:95 Page 5 of 6
http://www.lipidworld.com/content/11/1/9510 weeks significantly increased the serum levels of these
fatty acids. It is therefore suggested that the sharp
increases in plasma levels of long-chain n-3 PUFA and
long-chain MUFA during the postprandial term in the
current study were possibly due to the saury meal, which
may possibly lead to the accumulation of these fatty acids
in plasma after long-term ingestion of fish oil enriched in
long-chain n-3 PUFA and long-chain MUFA. In a further
study, we will investigate fatty acid alterations in re-
sponse to dietary saury intake in a larger number of
human subjects.
Plasma concentrations of free fatty acids decreased
from a baseline value of 0.32 ± 0.05 mEq/mL to
0.14 ± 0.03 mEq/mL (P < 0.05) at 2 hr and 0.09 ± 0.02
mEq/mL (P < 0.01) at 6 hr after the saury meal and then
returned to the basal level by 24 hr (Figure 4e), although
there were no differences in plasma levels of total choles-
terol (Figure 4a), HDL-cholesterol (Figure 4b), LDL-
cholesterol (Figure 4c) and triglyceride (Figure 4d)
throughout the experimental period. Plasma glucose
(97 ± 4 mg/dL, basal) decreased by 17% (P < 0.05) at
2 hr post-ingestion and then returned to basal levels
(Figure 5a). In contrast, plasma insulin concentration
increased from 1.9 ± 0.4 μIU/L to 10.5 ± 3.1 μIU/L
(P < 0.05) by 2 hr and to 7.6 ± 2.0 μIU/L (P < 0.05) by 6 hr
in response to the saury meal and returned to the basal
level by the end of the study (Figure 5b). It has been well
documented that insulin plays a crucial physiological role
in postprandial glucose homeostasis and in inhibiting
adipose tissue lipolysis, which may lead to reduced re-
lease of fatty acids into the blood stream [16,17]. Thus,
the hyperinsulinemia after the saury meal may havecaused the observed acute decreases in plasma glucose
and free fatty acids. It has been reported that dietary fats
of varying degree of unsaturation exert different effects
on postprandial glucose/lipid homeostasis, and a MUFA-
rich diet improves insulin sensitivity acutely [18]. Never-
theless, we could not exclude the possibility that other
components in the meal were involved in the observed
changes in the postprandial plasma parameters. To clarify
the effectiveness of saury on mitigating the postprandial
insulin response, it is necessary to directly compare the
saury oil and other dietary fats.
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